Catheter-related infections pose a hazard to both humans and laboratory animals. The aim of this study was to develop a technique preventing bacterial colonization of intravascular catheters.
Summary
Catheter-related infections pose a hazard to both humans and laboratory animals. The aim of this study was to develop a technique preventing bacterial colonization of intravascular catheters.
In 27 dogs a total of 70 catheters were implanted. On an average catheters were used for 207 days.
Three protocols were compared: (1) flushing the catheters with a heparinized solution; (2) filling only the catheter lumen with achymotrypsin solution (225 units/ml); (3) filling only the catheter lumen with a solution containing a mixture of the aminoglycoside antibiotic gentamicin (20 mg/ml) and chymotrypsin (225 units/mI).
Catheter fillings were always withdrawn before catheter use. Catheter exit sites were all treated with povidone iodine ointment once a day. Body temperatures and weights were recorded, bacteriological and electron microscopical examinations of catheters performed.
Without gentamicin filling all catheters were colonized after a few weeks. The dogs showed clinical signs of chronic bacteraemia. Gentamicin filling eradicated colonization. No further bacteraemia was observed.
We conclude that filling only the catheter lumen with a concentrated solution of chymotrypsin and gentamicin, combined with measures to prevent infections via the subcutaneous catheter tunnel, is an effective and safe technique to prevent catheter-related infections.
Intravenous and intra-arterial catheterization has become an indispensible technique in medical therapy and biomedical research. However, infections of intravascular catheters pose severe problems in clinical management not only in man but also in laboratory animals (Maki et al., 1973; Mylotte & McDermott, 1978; Bozzetti, 1985; Darbyshire et al., 1985; May & Davis, 1988; Jacobson et al., 1988) .
In laboratory animals, catheter infection not only disturbs their well-being, but may invalidate whole experiments by influencing data in an unpredictable way (Heidel et al., 1981; DaRif & Rush, 1983) .
Once a catheter infection has established, current therapeutical concepts mostly consider removal of the catheter necessary (Maki et al. , 1973; DaRif & Rush, 1983; Hampton & Sherertz, 1988) . Even if recatheterization is possible, permanent subclinical damage, which may affect the experimental results, cannot be excluded (Heidel et al., 1981) .
A variety of measures have been suggested to reduce the incidence of catheter-related infections. The most simple one is routine removal of vascular catheters after a certain time (Bozzetti et al., 1983; Bozzetti, 1985) . Other proposed measures mainly aim at protecting catheters from being contaminated via the skin exit site and the subcutaneous catheter tunnel (Maki et al., 1973; Sitges-Serraetal., 1980; Reedetal., 1983; Maki et al., 1988) . The catheter lumen, however, remains prone to being colonized (Bozzetti, 1985) and may give rise to a continuous source of bacteraemia.
Therefore, in this study special emphasis was laid on the eradication of bacterial colonization of the catheter lumen. A practical, safe and effective technique was developed by which catheter-related infections could be prevented.
Materials and methods

Animals and housing conditions
The study was performed with a total of 27 chronically catheterized 1· 5 to 3-year-old female beagle dogs, which participated in various studies of fluid and electrolyte physiology in our laboratory during a period of 5 years. The dogs, bred for experimental use only, were delivered from the university animal facilities and were vaccinated and dewormed prior to the studies (Candur® SHL, Madivac®, Behring AG, Marburg/Lahn, Germany; Banminth®, Pfitzer, Karlsruhe, Germany). All experiments were done on conscious dogs and were approved by the animal protection commission in accordance with the German animal protection law.
On average the animals were used twice a week for experiments, lasting from 2 to 24 h. For short-term experiments (2 to 4 h) the dogs were trained to lie quietly on a table (venous line connected to an infusion system and arterial line connected to a pressure transducer). For longterm experiments-lasting 24 h-the dogs were housed in metabolic cages with the indwelling catheters connected to a specially designed swivel system (used for infusions, application of drugs, blood sampling and blood pressure monitoring). The use of this system, allowed them to move freely inside the cage (for special description see Reinhardt et al., 1990) . When not used in an experiment the dogs were allowed to run and play in groups for about 7h a day (indoor, natural light, supervised by animal caretakers). The rest of the day they were housed in stainless-steel metabolic cages (artificial lighting, light cycle 12 h, light on from 0600 to 1800 h). The cages 143 were placed in an air-conditioned room with a temperat~re of 21 DCand a controlled humidity of 55OJo.
The dogs were provided with a standardized diet consisting of boiled rice, minced meat and water. The amount of food given was individually calculated according to the mean body weight of the dogs during the first 2 weeks in our laboratory prior to implantation of indwelling vascular catheters.
Vascular catheters
The catheters [material: polyurethane (REHAU AG, Hannover, Germany), OD 1·7 mm, ID 1'0 mm] were designed in our institute. Before implantation they were cleaned, sealed in foil bags, gas sterilized (formaldehyde or ethylene oxide) and aired for approximately 7 days in the central-sterilization department.
Surgical catheter placement
In most cases the dogs were equipped with a venous and an arterial catheter, sometimes, for experimental reasons, a third vascular catheter was implanted.
Surgery was performed aseptically in an operating theatre. After general anaesthesia was induced with methohexital (-8 mg/kg body weight) the dogs were intubated and anaesthesia was maintained under controlled ventilation with halothane (0' 8-1 . 5OJo) in nitrous oxide: oxygen (2: 1). The groin and the neck region were shaved, scrubbed with iodine disinfectant and draped with sterile blankets. Before a 3 cm skin incision was made in the groin region, an adhesive foil (OpSite, Smith and Nephew Medical Ltd, Hull, UK) was applied, which prevented direct contact between catheter and skin during the implantation procedure. The femoral artery and vein were isolated and separated over a distance of 2 em and the distal parts ligated. (Mersilene® 2-0, Ethicon GmbH, Hamburg, Germany). A small incision was made into the vessels just proximal to the ligatures and the catheters (filled with sterile heparinized saline) were inserted and advanced 8 to 10 cm into the infrarenal aorta and the inferior vena cava, respectively, until a cuff, permanently attached to the outer catheter surface (outer diameter 3,0 mm), was reached. This cuff was also placed into the vessel and the vessel ligated at both sides of the cuff. In order to prevent kinking of the peripheral catheter segment, when it is lead to the neck, all catheters were constructed with a preformed loop, located about 3 cm proximal to the cuff. This loop was stabilized by a small polyurethane bridge. Bridge and loop were placed into a pocket formed underneath the adjoining musculature to further immobilize the catheter at the vascular entry site, and to guard the entry side against excess tension inadvertently applied on the external catheter portion. The peripheral ends of the catheter were then tunnelled subcutaneously (about 35 cm in our dogs) by means of a prot ruder and exteriorized in the neck region. Finally the incision in the groin was closed in layers.
Catheter care
The fur around the catheter exit sites was clipped. The catheter exit sites were inspected daily, cleaned of debris when necessary, and left covered with a povidone iodine ointment (Braunovidon®, B. Braun Melsungen AG, Melsungen, Germany) on a sterile gauze. Before and after handling, the catheter hub was sprayed and filled with a disinfectant containing povidone iodine in 500/0propanol (Braunoderm®, B. Braun Melsungen AG, Melsungen, Germany). In general, procedures involving the use of the catheters were performed under aseptic precautions using sterile equipment. To protect the catheters the dogs wore elastic dermophil stockinette bandages (elastic®, KOB, Germany), preventing undue movement of the external parts of the catheters and thus supporting healing of the catheter exit sites, and canvas jackets. The bandages were changed daily, the jackets at least once a week.
Study design
The study was done in 4 consecutive time periods from September 1983 until September 1988. All dogs present in our laboratory during this time Palm et al. took part. In these 4 time periods 3 different catheter treatments, described below in protocols I-III, were studied. Some dogs were used in long-term physiological experiments, which covered more than one of the mentioned time periods. In these dogs, 2 of the 3 different catheter treatments were applied.
Protocols for catheter treatments (I) For a period of 9 months (September 1983 -May 1984 all catheterized dogs in our laboratory (5 dogs) were examined daily, i.e. body temperature (rectal), body weight, and general remarks upon the dogs' health were recorded. Every day the catheters were flushed with 5 ml of sterile dextrose 5070in water (D5W) (G5®, B. Braun Melsungen, Melsungen, Germany) containing 20 units of heparin/ml (Liquemin®, Hoffman-La Roche AG, Grenzach-Whylen, Germany) to keep them patent.
No bacteriological testing was done in this protocol.
(II) Thereafter, for a period of 34 months (June 1984 -March 1987 )the catheters of 20 dogs were flushed as described above only twice a week. Additionally, when not in use, catheters were filled with a solution containing 225 units of chymotrypsin per ml D5W (Alpha-Chymotrase, laboratoires Leurquin, Paris, France) (technique for catheter filling is described below). This proteolytic enzyme was intended to inhibit platelet mediated blood clotting and the deposition of blood proteins.
Before flushing or using a catheter in an experiment, the filling (chymotrypsin solution) was removed. Thereafter in a second syringe 1ml of blood was drawn aseptically. The catheter fillings and the subsequently withdrawn blood samples were randomly submitted to the microbiology laboratory for qualitative cultures (drawnback cultures). Additionally, blood samples were obtained by peripheral venipuncture for blood cultures. In preparation for peripheral venipuncture the puncture site was shaved and disinfected with 70% iso-propanol.
In this protocol and in protocol III body temperature (rectal), body weight and general remarks upon the dogs health were recorded 3 times a week.
(III) In 8 dogs, for a 17-months period (April 1987 -September 1988 gentamicin (20 mg/ml) (Gentamicin® Beecham, Beecham-Wuelfing, Neuss, Germany; Refobacin®, Merck, Darmstadt, Germany) was added to the chymotrypsin filling solution.
Bacterologic cultures were obtained as described above.
In all of the 3 protocols the dogs' body temperatures (rectal measurement for 5 min) while the catheters were used in experiments were recorded.
Catheter filling technique In order to minimize any systemic effect of gentamicin, meticulous attention was paid to filling the catheter lumen only. As the catheter volume may change under the influence of body fluids and body temperature or after repairs of cracks and tears of the extravascular end and readjustments of catheter length, it was necessary to determine the catheter volume not only prior to implantation, but also with the catheter in situ. The internal volume of the catheter while in place was determined as follows:
At first the filling volume and an additional 2· 0 ml of blood was withdrawn. This assured us that the catheter filling solution was totally removed. The blood was then flushed from the catheter with a D5W solution. Before removing the flushing syringe the catheter was clamped to prevent blood from running back into the catheter lumen. An insulin syringe, with 0,01 ml graduation, was connected to the catheter, the clamp opened and the D5W very slowly withdrawn from the catheter lumen until blood appeared in the conus. The catheter was clamped once again and the amount of D5W in the insulin syringe measured. This amount was taken as the catheter's internal volume. The catheter was again flushed with D5W and its determined internal volume filled with the same volume of the gentamicin/chymotrypsin solution (in general O' 5 mI). Inc, North Chicago, USA). The TDx system is based on the method of fluorescence polarization immunoassay, measuring tracer-antibody binding directly by using an optical detection system for measuring changes in the polarization of fluorescent light (fluorescein) as tracer is bound (Jolley et al., 1981) . The lowest measurable level, defined as the plasma concentration which can be distinguished from zero with 95070 confidence, was determined to be 0'16 p.g/ml (Abbott Laboratories, 1984) .
Gentamicin drug assay
Electron microscopy After catheter removal, cross and longitudinal sections of the complete intravascular portions of the catheters of one dog from protocol II and of 3 dogs from protocol III were examined by scanning electron microscopy. The specimens were fixed with 5 % glutaraldehyde, dehydrated, dried with HMDS (hexamethyldisilazane) and coated with gold.
Microbiological processing of blood and drawn-back cultures
Peripheral blood and drawn-back samples (in EDT A) were immediately cultured in 3 different blood culture systems: (i) Liqvoid Blood Culture Bottles TSB (Roche, Basel, Switzerland) with subculture using BCB-slides (Roche) after 24 h incubation. (ii) Du Pont Isolator 1,5 (Merck, Darmstadt, Germany)-a lysis-centrifugation system -with culture on blood agar plates under both, aerobic and anaerobic [Anaerocult P (Merck)] conditions. (iii) Hemoline (bioMerieux, Charbonnieres les Bains, France)-a diphasic culture system. The solid agar was flushed at inoculation and again after 3 days incubation.
Blood smears were prepared for microscopic examination with acridine orange staining (Hoff et 01., 1985) . In positive cultures different colonies were tested using standard methods (KOH-reaction, catalase, oxidase, oxidation fermentation) and determined with the Enterotube II (Roche).
Definitions
Colonization of catheters: positive drawn-back cultures or electron microscopical evidence of bacteria, or both. 
Catheter infections
Results
Seventy catheters were implanted in 27 dogs. They were in place a total of 14490 days, for an average duration of 207 days, with a range from 33 to 454 days. Thirteen catheters were removed because of occlusion and one because of catheter breakage. The rest of the catheters were removed after the animals had been killed due to termination of the original experiments in which they had been used.
Microbiologic cultures
Bacteriological testing was done in protocols II and III (Table I) .
Cultures of catheter fillings and of the blood samples consecutively obtained via the implanted catheters yielded identical results. Therefore, in the following a distinction is only made between cultures from the catheter filling (drawn-back cultures) and cultures from blood samples collected by peripheral venipuncture.
In protocol II 840/0 of the 62 drawn-back cultures and 62070 of the 34 peripheral blood cultures were positive (Table 1 ). The spectrum of microorganisms found, was identical in drawn-back and blood cultures. The most common strain was Klebsiella pneumoniae (66% of the bacterial species cultured), followed by Escherichia coli Within 2 months after introduction of the gentamicin/chymotrypsin filling the rate of positive drawn-back cultures dropped from 84% to 16%, only one blood culture was positive (Table I ). All positive cultures in protocol III had been collected from 4 dogs which had previously been used in protocol II and whose catheters had already been infected.
After 2 months on gentamicinl chymotrypsin filling not a single positive culture -neither a positive drawn-back culture, nor a positive peripheral blood culture -was observed any more. Thus, all catheter infections of dogs from protocol II were successfully eliminated in protocol III. Newly inserted catheters remained free from bacterial colonization from the very beginning.
Gentamicin plasma concentrations
In 12 blood samples collected 24 h after catheter filling with gentamicinl chymotrypsin, plasma concentrations were always found below the sensitivity of the assay (0' 16'/lg/ml}. The maximum concentration of 10 blood samples taken 5 to 10 min after removing the catheter filling, flushing the catheter and filling it again was O' 3 J.l.g/ ml, the other values were at or below assay sensitivity.
Electron microscopy
The internal surfaces of intravascular segments of catheters from protocol III showed some patchy fibrin aggregates and adherent erythrocytes (Fig. I) . There was no evidence of bacterial contamination in these catheters. In contrast to this, the internal surface of the examined intravascular segment of the catheter from protocol II showed fibrin deposits of varying density, intermingled with erythrocytes 
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and bacteria. The bacteria were spheric or ovoid in shape and grouped in dense microcolonies (Fig. 2) .
Clinical signs
Nonspecific clinical signs associated with bacteraemia in dogs consisted of listlessness, depressive attitude, lameness, loss of appetite, anorexia, fever and subsequently loss of body weight. Dogs with chronic bacteraemia, however, may not manifest all of these clinical signs (Calvert & Greene, 1986) .
Time course of body weight
In Fig. 3 mean body weight was standardized with regard to the body weight the dogs had 2 weeks prior to catheter implantation. This figure shows the average change of body weight for 22 weeks after catheter implantation in each of the 3 protocols as well as the change of body weight 4 weeks prior to catheter implantation. As can be already about 10% heavier than at the time of catheter implantation.
Time course of body temperature
The normal body temperature of dogs lies between 38°C and 39°C (Ederstrom, 1973) . More than 80070 of our measurements in intact, unoperated beagle dogs are within this range (see Fig. 4 : 'before catheter implantation'). Furthermore, Fig. 4 shows the average body temperatures for the first 22 weeks after catheter implantation for each of the 3 protocols. In protocol I body temperature rose about O' 6 DC after catheter implantation and stayed on this higher level for the whole protocol period, whereas in protocol 11 and III body temperature after catheter implantation did not differ from the normal temperature level.
The number and percentage of temperatures above 39 DC when catheters were used for infusion purposes during experiments is given in Table 2 . When catheters were flushed daily with heparinized D5W (protocol I), body temperatures during infusions were higher than 39 DC in 95% of all experiments, whereas flushing the catheters only twice a week and filling them with chymotrypsin solution (protocol II) reduced the occurrence of temperatures above 39°C during catheter use to 38' 50/0. After introduction of the gentamicin filling (protocol Ill) this rate decreased to only 7%. A rate which can be found even in non-instrumented, healthy beagle dogs. Naturally, in all protocols only sterile infusions and sterilized infusion and swivel systems were used. This was tested at intervals. 
Discussion
The present study demonstrated that filling the catheter lumen with a concentrated solution of chymotrypsin and gentamicin is an effective technique for the prevention of catheter infections. The filling technique was combined with measures to prevent catheter infections originating from the catheter exit sites and the subcutaneous catheter tunnel (see 'catheter care' in 'Materials and methods' section). Before the introduction of gentamicin for catheter filling almost all bacteriologically examined catheters proved to be colonized by various bacterial strains. Scanning electron microscopy revealed accumulation of bacteria on the internal catheter surface and more than half of the peripheral blood cultures were positive. These observations were accompanied by clinical signs which also suggested intermittent or continuous bacteraemia originating from the catheters: after catheter implantation dogs lost weight and fever was often present in close association with catheter use (Fig. 3, Table 2 ). When body temperature remained higher than 39' 5°C for several hours after catheter use, systemic antibiotic treatment (gentamicine combined with ampicillin) was started and continued for at least 3 days after fever had resolved. However, fever recurred when catheters were used again. Thus, systemic antibiotic treatment was not able to eliminate bacteria from the catheter lumen. Infusing and especially flushing via the infected line obviously led to sloughing off of bacteria from the catheter lumen into the bloodstream. Flushing the catheters only twice a week clearly reduced the average body temperature (Fig. 4) , but fever was still frequently encountered during catheter use (Table 2 ). This indicated that without gentamicin filling the colonization of the internal catheter surface was the pivotal point for catheter-related septicaemia in our dogs. We therefore focused our attention primarily on the catheter lumen.
By the technique described we were able to prevent and, within a few weeks of application, even cure catheter infections without administration of any systemic antibiotics. Further, no 149 bacteraemia was observed and bacterial colonization of the catheter lumen was eradicated (Fig.  1, Table 1 ). There was a broad agreement between the bacteriological findings, microscopic observations and clinical signs.
Although our technique was primarily directed against bacterial colonization of the catheter lumen, we did not find any indication of clinically relevant colonization of the external catheter surface. Local inflammation at the exit site was a very rare event and could always be treated by increasing the frequency of cleaning and disinfecting the cutaneous exit sites (for details see 'Materials and methods'). Furthermore, scanning electron microscopical examinations of the outer surface of subcutaneous catheter segments did not show bacterial growth. The observation that local infections of catheter exit sites of long subcutaneous tunnels do not affect the occurrence of catheter-related sepsis is supported by findings in non-human primates (DaRif & Rush, 1983) and man (von Meyenfeldt et al., 1980) . Moreover, as far as our study is concerned, it is conceivable that after eradication of the bacterial growth sites inside the catheters by means of the gentamicin/chymotrypsin filling, the host's natural defence mechanisms are able to cope with the bacteria reaching the outer surface by other routes, for example by the transcutaneous catheter tunnel or haematogenously.
The reported high rates of catheter-related infections in humans supposedly originating from the puncture sites (e.g. Maki et al., 1977) can, for example, be attributed to the short distance between puncture site and blood vessel (which is just a few centimetres even in subclavian vein catheters) and to different or badly defined and poorly controlled schemes for exit site care (disinfection and dressing). Recently Jakobsen et al. (1989) , using a new intraluminal culture method, found a stronger correlation between intraluminal catheter colonization and catheter tip colonization, than between skin exit site and catheter tip colonization. He stated that 'the importance of bacteria from the insertion site as a possible cause of septicaemia may have been overestimated'.
It is known that once bacteria have reached the lumen they adhere to the internal catheter surface, particularly to microscopic surface irregularities or defects (Peters et al., 1982) , which seem to be present in most catheters (Marrie & Costerton, 1984) . It has been suggested that these bacteria soon become protected against the usual antimicrobial treatment by surrounding themselves with an extracellular slime (Peters et al., 1982) . In vitro studies have shown that even antibiotic concentrations 60 times the minimum inhibitory concentration (MIC) do not always result in complete eradication of catheter colonization (Elliott et al., 1988) . For that. reason we decided to apply much higher antibiotic concentrations. Since the antibiotic was strictly restricted to the catheter lumen, we were able to choose gentamicin concentrations as high as about 4000 times the MIC that can be achieved in vivo.
Gentamicin was used because it has a broad antibacterial activity. Although it is primarily active against Gram-negative bacteria, on higher concentrations it also exhibits activity against Gram-positive cocci.
We do not yet know whether the bactericidal activity of our catheter filling can be solely attributed to gentamicin or whether there is some sort of interaction between gentamicin and chymotrypsin. Filling the catheters with chymotrypsin alone and flushing the catheters only twice a week clearly reduced the incidence of body temperatures above 39°C when catheters were used for infusion purposes in protocol II (Table 2) . Additionally, in protocol III chymotrypsin might support the action of gentamicin by interfering with bacterial adherence and altering the characteristics of the extracellular slime produced by the bacteria. It has been shown in in vitro studies that treatment of bacteria with proteolytic enzymes may decrease their adherence ability (Hogt et al., 1986; Tojo et al., 1988) and convert them from hydrophobic to hydrophylic (Reifsteck et al., 1987) . Since aminoglycosides are polar substances hydrophylicity might improve penetration of the drug into the extracellular slime. To clarify the role of chymotrypsin further studies are required. Palm et al. Untoward side effects of our filling technique have not been detected and are unlikely to occur. Chymotrypsin has generally little toxicity and is rapidly inactivated in the blood. The toxicity of gentamicin, a serious side effect of this drug, is related to its blood concentration (Barza & Lauermann, 1978) . With proper technical handling of the catheter filling, only tiny amounts of gentamicin, which are inevitably washed out of the catheter tip by the blood flow or which adhere to the catheter surface after the solution has been drawn back, are lost into the system. As we have demonstrated, the plasma concentration of gentamicin in our dogs was always at or below the sensitivity of the assay. Moreover, we would like to stress that even if the whole filling of a catheter is inadvertently flushed into the blood, the amount of gentamicin entering the system is only one-tenth of a normal systemic dose.
Allergic reactions, which are not dose dependent, are unlikely since i.v. aminoglycosides, in contrast, for example, to the ,8-lactam derivates have in general little allergenic potential (Sande & Mandell, 1985) .
Due to the extremely high gentamicin concentration within the catheters, the chance of development or persistence of any microbial resistance to this drug appears to be rather low.
Several clinical studies in man also prove the importance of concentrating preventive and therapeutical efforts upon the catheter lumen:
Brennan et al. (1972) were able to control candida septicaemia by regular instillation of amphotericin B into the catheters and flushing them through. Others have managed catheterrelated septicaemia by systemic administration of antibiotics through the infected line (King et al., 1985; Johnson et al., 1986) . After identifying the infecting organisms Messing et al. (1988) successfully treated 11 patients with catheter sepsis by filling 2 ml of antibiotic solutions into catheters with an internal volume of 1 m\.
Yet, in contrast to the method described here in all cases a great portion of the antibiotic solution intended to act locally. inside the catheters reached the blood stream. Furthermore, although the success rate was high, therapeutic failures were also encountered. We believe that therapeutic failures in these studies can at least partly be explained by the fact that the antibiotic concentrations achieved within the catheter lumen were always much lower than in our study.
Recently, a catheter-restricted filling technique was successfully applied in sheep and rabbits by Dennis et al. (1984 Dennis et al. ( , 1989 . They used disinfectants instead of highly concentrated antibiotics. Catheters were filled with either formaldehyde in acid-citrate-dextrose solution or chlorine dioxide. The filling was in place for only 15 min. After this time the solution was withdrawn, the lumen filled with heparin and the catheter closed until next use.
This technique is comparable to ours. It gives substantial support to the idea that eradication of intraluminal colonization is an indispensable prerequisite for fighting catheter related infections. However, we object to using disinfectants, since they are much more toxic than antibiotics. Serious adverse effects may occur, when the filling is inadvertently flushed into the circulation during routine daily use. These effects may invalidate experimental results and endanger the animal's health by causing permanent or subclinical organ damage. Moreover, because of the convincing results presented, we would recommend to test the efficacy of the catheter filling technique in man, too. However, in man only antibiotics would be applicable, since disinfectants are not approved for internal use in humans.
In conclusion, filling the catheter lumen with a highly concentrated solution of, e.g. gentamicin and chymotrypsin, and subsequently withdrawing this solution before further catheter use, is an effective and safe technique for prevention and treatment of catheter-related infections via the catheter lumen. This technique should be combined with measures to prevent catheter infections along the subcutaneous tunnel. In our study PVP-ointment at the catheter exit site was sufficient in this regard, but a subcutaneous cuff may also be helpful (Maki et al., 1988) .
